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(57)Abstract: 

PROBLEM TO BE SOLVED: To control magnetoresistance response to a 
magnetic signal by a method wherein a constrained ferromagnetic layer, 
having a side part circumfer ence which is not extended over the side part 
circumference of an insulating tunnel layer, is retained within the another 
spaced plane surface without overlap ping with an insulating tunnel layer. 
SOLUTION: Write in an MJT is attained by allowing a current to flow 
through the upper and lower electrode wiring layers on the memory cell 
application of a magnetic tunnel junction MTJ element. When a sufficiently 
large current is allowed to flow through the above-mentioned lines, the 
magnetization direction of a free ferromagnetic layer 32 is rotated in 
reverse parallel from parallel to the magnetization direction of a constrained 
ferromagnetic layer 18 by the coupled magnetic field formed in the vicinity 
of a free ferromagnetic layer 32. Current level is selected in such a manner 
that the coupling magnetic field to be formed exceeds the switching field of 
the free ferromagnetic layer. The magnetic field formed by a coupling write- 
in current is selected smaller than the magnetic field required for rotation 
of the magnetization direction of the constrained ferromagnetic layer. 
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(57) [S*J] 

[»ft^R] MT J SlFpjWWtWMtB 1 8 
^ • 7 ij--©IS«ttlitt. *©«fls#l*tf«»***tt 




1 

ttE*«±K#J*aft*¥Sfc*MEaHBttJi£:, weft 

5mi©«®t. 

W8BJ*)m»«ttJiillWE7'J-!iaHt)Bt©IBfc:Ell3 

ft. iteniR««ttii&tfMne7U-iiattMi:a*& 

ttJf #il9E*fii» h >*)VMk*-rt5y 7T-5 ci* 
©$£*s©ra{b;fci6]#. f?OT8«©#fc©TT£w::¥ 

#ic^orsa^j$fts. ii*JH 1 £*©«& s 

4 3 ME7 U -!MH9:M®MB*A«MMI:#rtl 
jB*. *IEfcJ|Eli©Bffc:&iai££iST»*>. tt^fllGtt 

un&m 5 ] MEM(iHBttJi«<Meai«&ne7 u - 

nmmMMmm&momiiiimmk, m$zmmm±izM 
$£ft. fi9E«a»*auTiitE7'j-!»«ttJBtsf« 

0 WE7 U -&BttS©Bfb£|6]£ft3£T3K&B 
ttJiS^tf. »*]BlE«©««h>*^tt^* J F. 
CiS^gt 7 ] gftEgg l ©««*iWE*«±fc:»j«$ft. 

i»EE«attii£»tt-r*7 i >7>- s^iKttii^^ 

B9ES§S«Ht«7>*iMrE7 l >'7'U-hi8JE«m!ll« 
ttWt©IB{cE«Stl*, »*3B6E«S©«ah>*;i' 

^t'J-CaoT. «IE7W*«8IIE7l/-fl'9CDfl*(!)^ 

t'j •■fe^©WE««««*ttm-r*-fc>xiiiKic«a 

$ftSfc©(c43l>T, 



(2) 4#§SJ¥ 1 0-4 2 2 7 

2 

ttCMJltSlttttll&»ttr«SttattllT»oT. S9E 
^*«©«ft:*(6i^jffjg^*i6j(r^*L, 0f^K«^S 
«T©a»C«Saft*£*. SaE»fk*|6l©0tE*iH 
Jtt5. MER&BttHi:. 

we h mum ttm-r a 7 u -^b^ht-*-? 

T, WEBr**«aiaKT©«»«CltMSft*t*. ml 
E7UHMBttE©HE¥iBrtTr. iffiEftifc&Bttlig© 

t. 

H«fE^*^a<tS. MEh>*JUMMKtftt 
E7 U -&BttJ§#, BaB3£»£Jl©8iE¥ffi £SiS& 
*fS]©Siax^>>7i:UT^)S$ft. WE®Bttli#lffi 
E-fe>X0BlC«jKSft*<t#, il&Eh>*;H*EE* 
WE5l«lttJitSifia:*l6jfcSSft«»«aE©fl|«ffitt*t89 
E7 U -MBtHfOttfiWr Sfct4ii»¥ff ©«<t*|6]C 
<fcO*^$ft. BffE^afilSWtf^flttE/^U • -fe;i/© 

[o o o 1 3 

[«M©R-r #529114. ^tUStft>-> 
>y • T7'J^r—>3 h>*;M*£ (M 

tj> jsmr&u mz. MTjcDS*©ti®i«« 

CO 0 0 23 

[«*©8*3 «»h>**»^4. m^m»miz£K) 

h>^U >^©^^{Ct><ho*<^ J ?Ta-5o &Btt«& 

rz. \*>*v >ymmtm?x¥>izttzWL. &-&© 
b§u£§& 2 ^©««©«**Ei6jstf x tf >#«©is& 

ICTS. HKiffiitsroMT Jtf^iU CoIMC 
« o-FeI*7Mt (AI2O3) «6llth>#;m{;:<fc 
D#il$ft3„ H2f4. EMllBif !C*fT£ft£ 

ffiia©tt#tt©Afflw&te*s^-r. Basin (AR/ 

R) Ifc&ttfcX-r'JvXfcWU §;tt£ln©tf-7fr'B 
«*J-A"|SJ©^^« A(4 10-200 Oe) A>5 

jx.tijjm<onmm\zx'(-7T2>k£%!k?z>. mn.t& 
ttft«±©^Hitt«fcD^afts<t5ic:. x-f-7©^* 

f=tifiTI4. 2o©m£©«fb^7 h;U^KW(CKW* 

CO 0 0 3 3 !SBtt(*:|B©h>*'J>y*^tlMT J* 
50 ^©77*'J-7— >3>©BI«tt»4. fiUMBHSftT* 
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3 

[0 0 0 4] «»<0*«W«Cjfe4%, *B^T-f^P« 

U>y<D*»*g*^ R. MeserveyS Spin-polar 
ized Electron Tunneling' (Physics Reports* Vol. 23 
8. pp. 214-217) T*5K£ftT43D, *B"CttB* 1 %75 w 

fr&5S3;ft&£ltT*S. Ctl^l^te* 100%£> 
Xtf>»SC r 025fe»S:»fflU ^MlC^T 4 0 % 
©»««S6«l»S:^bfco CtlW^tft R. Wiesend 
anger£K<££"Observation of Vacuum Tunneling of S 
pin-polarized Electrons with the Scanning Tunnel in 
g Microscope' (Physics ReviewLetters* Vol. 65* pag 
e 247 ( 1 9 9 0¥) ) t^etltl^. 

[0005] i 8%<Dmn,&tKfo&iGtz#mz*:$ 20 

SMTJjRW, T. Miyazaki6fC<££'Giant Magnetic 
Tunneling Effect in Fe/Ah03/Fe Junction" (Journa 
1 of Magnetism and Magnetic Materials* Vol. 139* N 
o. L231 ( 1 9 9 550 ) tSSStTO^. L*>Ltt 

^b* m%iti %%<om%mm$k*nim'z>z-tW'? 

[0 0 0 6] *<omzl** ^SCo-Fe/A 1 2O3 
/CoS^rtT, *Bfc*tr>T**l 8%(Z)«a«tt* 
Wf^MTJ^m J. S. Moodera^KcfcS'Large Ma 30 
gnetoresistance at Room Temperature in Ferromagnet 
ic Thin Film Tunnel Junctions* (Physics Review Let 
ters* Vol. 74* page 3273 ( 1 9 9 5$) ) TSftSn 

&J£Jntt2 0 0 X 3 0 0 Mm20^t^8frBS^WT^ 
[0 0 0 7] £Ua>&. ^{C&^T^WK+^K* 

$ ®aM&0re*0B4D®BMttx tf >#H£ffi h 
t>* mwz&\,>Tm&2nzi:gz<DMT jfcmmz 

[0 0 0 8] 8*«MT J *^ fc»T*ffl©BmMU tt 



4 

ytt^«««ttJ6*tt, BB£ftfcBm«tiflK:*t> 
T0ME$*iT<r>* e CftKMLTfcu T. Miyazaki^lC 
ck^'large Magnetoresistance Effect in 82Ni-Fe/Al- 
AI2O3/C0 Magnetic Tunneling Junction* (Journal of 
Magnetism and Magnetic Materials* Vol. 98* No. L7 
(19 9 1$) ) -ca^SilT^*. L*Ltt#«S, m 
aH8«<0*te (excursion) 3W-«pW'C*0Ct>**^ 

[0 0 0 9] 
[0 0 10] 

[BB***"r*fc»0>*8H *56W«, jlBltlol 
^^(DmitM^m^TzimM (pinned) £n<Sfi8 
8h>*;«& (MTJ) ift^^o MTJSf^ 

*aatttB**». *®»fc#ffl#B«>¥BrtrBrta 

a^iiCBftSfta. p 7U-'©BBttB (J^T* 7 
U-!it«ttB) 14, -tO«{t*lft^»*ail«ttB©B* 

s$n^>o nxBBttBtt. mm*%K*m&mtv>n 

BXSMS^KiOIWsStt*. MTJ*f(D8«t>^ 
>y-77 P U^y 3 >m 7U-B«ttB<0«ft* 
fart** -H«c»*B«ttB©«ffc*iPi'c*f LTSBfcE 

EB^0gt^)ut^t^o MTJ^0*^U -H 

ftftBBttB (D«ft*|6i fc ¥ff * fcttai ¥ff fcEfi 5 

%^0«^KJB#. MTJ h>*;i/»JS»&SE;&ft£ 
»»Ltt^T, MT JUffiSrTK^fpJtwaaTSSii* 

T^BA^^«tn^h>^u>ymsE(4* 2o©siBtt 

£fCJ;9* t>X3ft»4. MTJ<Z)±fflB«»4«»*r 

Ht**an* 0 carta, -tn-en<oai«ttB«r* 

«*«#U **«fcfc^Tff«£fc«BBflEfc* 
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[0 0 11] 

7^710, mmb>*)iwmm2 o, ±$i>nmx?v? 
30, n>^^ h • *-)if)mm-?z>mmm4 orts* 

SBSS5 0^^tT<, h>^8il2 0(J2^itt 

So 

[0 0 12] IffigiCM^^^-XtSBX^'y 
£M0H Sffi9±£tt^£*l3!glCDv-Kfil 2, 
y-HIl 2±© , f>^U-K»BttBl 4, J-yf 
I/- Mil 4±<0JES*«tttmJIl 6, RtfT)fcD£& 

n* (Pinned) (EAT, ftjfc&iSttif ) 1 8 

B*Sn4fc»K«*JItlH5ai*. J:«tIX*7^ 

3 oirytj-'&mitms 2, RDf-t<o±^»«an* 

«Si3 4m. H«ttJI3 2BJE*»ftfcJ:0»* 
KHelfrrac nM7,$vZ 1 O&tf 3 Ort 

^iHBttJii 8ftrX3 2o«#tt*ft-en, tnz&m 

xftiz^mzm-jjiftizmiSiztiz. z<Dsmm\t. ^ 
-x«ai oco«ifiss»i i, 13 (H6#aa> tit 

>*;H»ttJI 2 0 OlT^X^^ ^ l 0 AOKlftakBtt 
118(1 fa)WW^]^ETOS^Itti 1 6 

1 8 ©Bto&iRjKtt i pj«aEW«!»««#«rr*. 
Mimmz&^T&jiftr&ztiK ^omitxft&tzte 
mmmmn^o)mmomw\z^K>, nsMm^tifro 

[0 0 13] B7H «»H^afkSn*:«»H6 0 
T»D, ±«tt£«ax*y*3 0lCS*aE»^S3 

t«IHiO«iSOlfffiHT**. «»a**±8M*£«B3 
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[0 0 1 4] H8*i, ^711X^7^ 1 0\ &«k 
E«»J-I* 1 l'itWSft, EHU-F1 l'**»R 

9'±^^$n^o »ii4 0'WTj$^« 

[0 0 15] H5 73FSH6^Sn*»lifi«:#T*MT 

MT J^-XtIX37 7^1 2 0nm<7) 

Pt, 4 nmtf)N i si F e 19, 10nm<7)Mn5oF 
eso. W8nm0N isiFeig (^tV?n, Si 2, 
14, 16, 18lC*tR>) ©X^^^St^ cn^^ 
*«9iLT«*T*Jltt$' l J3> - ^7X/\±(-^S$ 

i - f e 1 1 4 (o$ais spinas s hi 

4ttMn50Fe50SSfi»tt/Il 6 £g2ftT£x>:/l/- 
hfcUT«tlT*. ai 6tt5£8US^fc«tO. 8nm(7) 
Ni-Fe7'J -&&&m 1 8 (Dlft^^Mt^o 

b>*)immm2 0#, lnm^2nmOAli 
£tt»U i^T^7X7Hb$ii^ I ^ l: J; D M$ 

n^o ^o*^, a 1 tommb>*)mmm2 o#£ 

^fe^n^o MTJJ:»tiX^y^3 0tt8nm©Co 
30 W2 0nm(7)Pt (^tl^tl^ 3 2 , 3 4\ZftJfc) <D 

"f3« T8S««X^y^ 1 0rtCDH^»6^T*0, A 

1 2O3H2 o«(c»^*«flwnfi»s-a:st:>*^v 

/I y * U ywm\z J: 0 . MtSKtd C iflWC 

-L8Mtax*y£ 3 01116 0 nm(DS i 02*6 
tl4 0Ci:i9t^i^n, «6j&H4 OttT#0>*£"» 
t:g2S^$n^»XJl/-$-J^tT^ 0 »^tt±»E 
40 (H6#i) i:l/TlfttS2 0nm«)Ag/ 

3 0 0nmOAu3>^^hI5 0i:8ttt5. 

&m0nttMJjft*®irz£\zuz>. znuTjmm 

tt, &&X?y?ft<D<kT<nm (mi 2. 14, 16, 
18, 20, 32, 34) £, HHSKJCiJ^TS/ l J =1 
>SS±l:^7?'J>^L, ^lc^*2Xgtc<i:0 
50 $U>yf*Cl<!:«CcfeO, T8SE«U^»« 
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ctctoBBSft*. 0 5s^0 7(c^$ns^^y 

*©Wb*iaiCJ:DflMltry h*E«T*:7'J-BBtt 
■ 3 2**. ffifflSflS'J yy?7^ • 7*n-feX(rS 
^-T-5J:oiCT#-5fS0/h^HC<i:*iS|IT*^. d© 

0 75t«fcf37c€^ffi«T&0. KPKttBttll 1 8 

2 ' AtfttABBftBl 8 ' *», ^-©^-fXRWttT 
*0. AAilBttl 1 8 ' a«T»tfcf4±8ti^* y 
*©ir*r*ui»KEB**l»*. »*3l«ttJI**T**« 
rtK:£**l*»£, ±»B«ttJ:B**fiifc»?. 1-3© 
&BttSfc*tt*£tr. £©MTJB^14. #J;Ui8nm 
©Ni-Fe/10 nm7IiM 1 5 nm©Mn50F eso© 

«is©±sasx * v tf *#r *. 

[0 0 16] MT J sSH^^U • -feJU • > 

3 >-m. mt j ^©»a**t±aatn r «««Eiwi 

11,13 (0 5 7>M06#SS) ^iiUT, SSt^S-T 

+#iw*sfcB»a*«n.5£#. 7u-BBttB3 2£ 
iB-e£Ba*iaia&BBrt*7 u -^atts 3 2 ©«a:* 

fflfcftjfc&B&B 1 8©Bfc7jfa£¥fT^SiiWTl;: 

©«aft*ttKj:o*i£sn-6. j^-a-sii^-mijfitccfc 0 
£<£S;h.-5c:©fi84§f4, ^m^68tt)i©a{b*(S]^[5ife 
3t'5ft»l;l*Sn41SJ: 0 fc. \tz>fr\z>h£ < S 
B&^SiTitteMT J ^S:)lDTSia*|6](C 
»4«t*lfcH. fct?fce>.I©7j|6|{4EiBB5 O&lXl 1. 

[001 7] MTJ /^r'J • •fcJH4-fc>xmMt£MT J 

*ai;TaB*ifiiic. flBBBttBa>e>h>*;w*£» 

BSratT. 7U-BBttBK (*fctt-*©Bfc:) STf 

ztizkommzn*. a i 20sh>*;n»a©s«t 

(4. A 1 20jB©B £{C&<fti¥U C©»©I»${C» 

VTmZffi&mz&ifrrzoT. z<Dztifrut>t>m 

«*«itUT. A 1 20sh>*JH»atHi;TSiaA-l6l 

icaia-r-5»ci$«*Ts. bb^+'^twhssbsj 
oaoftttaB* (h>^u>^Jt$) a. AI203© 
ia*«iitB£fi<)STu. for. »^*aoait 
u rfittSBicsacBBt-*** u r«tj7r* 

5. ^t'J • -fe^©#Btt. t>xts (cnt4«ii^ 

Bay; o fettle/ha w a*mt j sr^B^tcatn 
ssns. c©ir>xm^£fc(45&*ffitft©gs*«: 
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B&?«£&aT«. **'J • -t^©B»ttJ6tB»* 

fttfsfcu. h 'J7*«a»jtfe(t* 

BBf*. 7 U-RtfWBBBttBwBB*- *>!*©« 

»75-f ^>hii{urr«. h>*;wB8S*ST;tr>^a 

*n. CCCtttBBttB©-* (B^tfftBBBtt 
B) ^SBnsBBA*. fcot4S lXtf> • 9-i 7" <» 

BttB«wmt*rtifcflfl¥tT^t:> • 7 v if 

>-7"0» roB^e.BKSCtSrB'Sfe-r*. BB©7 
BBttBth>*;i/»Bt©Bffi 
10 Cfc^TBBttBfcBBTSBttBBWB^BBBCJ: 

oftssn*. *ntt, »i©B«ttB©K>*;n»a 

{47 If > • «ffif*-v'J7©f- 
U >^«Btt» 2 ©B«ttBrt©B«©X If 

tBuxc >»«©m^«B©^ffltt»cft#-rs. a 

«. m2©&j&t$Jf©fiBm ; E-*>h^\ fgl©$lfi&tt 
B©B^*-*>h£Wfc«£. If§ 2 ©&SH*Ji©fi8 

at-* > i ©B«ttB©-tnta¥fTtt«^± 

0t>. «fc9£<©ttffliiJBfcB^ttBa*#fi:-r*. fiEo 
T. Bffi**'J7©h>*'J>y«sm. ^7i©B©B 

M<a¥fT©&#t;:B ! fe<g<&5. B^E-;*>ha*¥fT 
Tt>i£¥?iTfeft<ia?iJ£*l3i:, h>*'J>yB${4 
+ IB©te£B£. Sfot, MTJ/tU --feJl/©maS 
*a(4, B«E©^e>#«tWB«ttBrt©« : F«B©W 
■€■©£». 7»J-B«ttB©2-p©BlB 
&Bfc#l»J#. -BWtc^t'J ••feJP©2t)©pJ«gfj;tf 

7«i (osfct4D s^arrs. 

[0 0 18] B9 75SB1 114. HI 5 TilEdl 6 ©MT J 

so B^A>6©. BBftBtttt&CWBffitteBtttt*** 
T. El 9 (4. MTJ^©(5BB ( + /-60Oe) B 
mSirt^tt^^To *P«»TJ4. MTJ|fffl20© 
^iS&ffitaBtfGFfiE-r 20Oe7iS35Oe.J;0^ 
#«:«»B©ft*lFl©««*W»PL&«. -fe*PJS*|(c*3 
145^? j£iatt*5 1 9 5 0QT*S. »60OeiW 
#fc»ttB©iE;#r6]©««*BilJULfc«, -tfn««C*3 
(t-5^^®tn;{i»2 1 5 me©2 0©fi 

tt«ffif4±»»^B«3 0rt®8nm»Co|32/2 
0 nm© P t 7 U -BBttB 3 2 ©Bft*l&l©S<S*> & 

« <feu*. c©m<l{4. BaB*iaifC8um©ft3. SB 
B^r|SjC2<im©«Sr#-r*. C©lSiS^«5^rt©^:T 
©WJUBBJr^UT. Ti56«ffiX^-yi7 1 0|*I©8 nm 
©N i si F e i9ft£B&1$B 1 8 ©B{fc7j(fil(4. M n 50 
F e 5oS^tt^ 16*>6 ©SSJft^^fCi 4»B»w«t 0 
WC*t>fc. ■KnBBttfficJKttBliBWBifi. ± 
KB'jN«©iESfc(4ft©if^e)©BB{catManfc^fe* 
MTJB^fi-toftttBjWEtt 

i9CSaft«MTJ*fCH. 03 7iMia4(C^3n 



(6) 
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[0 0 19] -r®mM7,?y? 1 OACDSIttttlVl 8© 

ftSEfi. 0 1 o fc^tt-s/t^-- >^a<r©MT J x* 
•y^cD^x-^^esfeiis*^^?). ooo 

e GlTOWVCtf-f (M) ««tt. ££C±8MI 

6 0Oe»flS«{Ci3HT. «"&©Tg&S<I& 
UttH Of&fc*>. MnsoFesoHl 6 £: ©£&*§"&(:: 
£9}6|JK£ft-S>8nrn©N iglFeigJf 1 8) ©K€fc: 

«k0ftJtES*1*4 nmfflN i 81 F e xvtST'V- b&M 

ttni4) ostefcnaft»tsti*t:XT-'j>'X*t. *<j 
3 o o o e at)! 3 6 o o e ns. 0 

1 o omit? 01 n:i^ns/w-->^ 

©8X1 (itn2fflMT J *^©BB««iSSfitt(£:StJt 
IfStlS. ±»fllSO!)Bfl:Se*«»- 6 0OeW+ 8 

0 O e ftfiS©«jSffitni*{klcKlft*tl, &-&©TSBfi« 
rt©f*«tt*©»fl:Kte#»l 30OeM2 5 0Oe 

2 0{CSM£Ufc^x>:/U-hN i -Fell 4©Sg 
[0 0 2 0] 

n5±gBJl5 ORtfTSBIil 1, 1 3) lC|HlBttC«}t$: 

at-rc: £ let ansa. ±gSBB^e$fcfiT^S2 

^!©V^-fnA^iii;T®«tS:«t-ffcttTtt^F+^T$) 

o. 7ij-5Sittii 8©ttsg££ft:s-a-5fcje>i;:g3K 

$n&L£H{if§iSIfi£«J§ (the threshold realigninen 
t field) i*tT*ftt». 
[0 0 2 1 ] *Hi©MT J«jaiC«, «ti«(C^a 
^o^©fiJ^#ft-f Ill:, ±gB8fiBtt)li 8*< 
¥ffiT&3<, (01#B3) -ctt. ±8PlffttB 

TElffltft*. MT J if 7X1 
ttfiHttOHWlCiiHT. ««»©«fl:>Sfl6l© 1 -P*JH*f 
loS^TfcSCt, flE-DTffiBWP«*CfeV»T. MT 

1 -DOfc^UMtiiRtf 1 0©ffil^«iBtt£ffl V>£ d tJw 
cfcO, <gEPJDfiS*|(C*UT7.7 1 -7ytt©^®triJEt;^^ 

5*56^{CJ:5MT JsSSf (0 5&tf0 7#!S) tt, M 
TJ/tU • -klWM'b 'J V £^ 7 4 v i> - M v ?-vm 

j&sn, m&znzct&nimzTz,. &ttuw&m* 
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h • *-^©ii»©fil*(i. ^©ffijaRtXS^ri 

^©*s^aiffi©a§i8«©^»tc<j:o. 

[0 0 2 2] 7'J-««ttJB©»tttt, *aS&*B 

m, fttfiizmm&mz#?z*)\,<D&7£&c>&TM!fit< 
io n*. n i -f e^iBiMX'f •>5 i >y«*4i; 

*-*T/J^ft^#*4i;-5. Co-Fe£&fiig^X 
IC»-r***ft*3ttt*#-f*. Co-FelliSft. 

S^e^D, JS©*gB##N i -F etzEOt&MmMO 

mmmT&z. m^m^moi^mtmm^mztit 

*»*©SStt*#JtLT»#i3tl*. Ni-FeM 
20 It Fe-MnM©SiBfti*fflUT. 1*©^ 
f4£fgfTf itX«C o-F e^liiJtijebT. «t 

■ea««S©N i -F eifr^O. ftt>»MMKi 
{f^©fe»(rCo-Fe^6fi£-5. gj§<i*UiSi@)© 
#«<0Co-Fe£ifefc#l;:»»3ft*». CtlliFe- 

c o-n i i ifafcocsit-^ > s^if 

Ni-Mnii, £rzi±tojmm#.mfoc>mM&ttnt 
MA.\x. mm i o*fc(icooftt'©wmit© 

[0 0 2 3] nttC. «I)fESjH»tt«l©S«tttt. 

»^-fe)K«(c<fco^iisn-&2o©Ktti} (cosfcra 

Co-FeMfti') <Oif> K-T v^SJMtU -ttl 
C± D 2 oO«ffe»OS3i«tt*S^t^ U 5 H fc K «t 
0. -Jfl6|±-f£. ,1©:^ tftDtfllfcJPW, IBM©* 
mmfWiS 4 6 5 1 8 5ftI^6tlTD2>. MlCC© 

[0 0 2 4] MTJJS«-t>-tJ- : 01 2 7!)50 1 3 (i> 

±??B»^msx^ y ^ 7 0*5 h >*)\,mstm 2 o ichk 

^ y i7 1 o rt©J«3J!iJi l 8 ©SBfb£ifi] »c ¥ff 7?lift < . 



(7) 



*#gfl¥ 1 0-4 2 2 7 
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sftSttm 8«tJf^3 wsflii 9) 3fttj**an, 7>j 

[0 0 2 5] «»*>Xffl0MT J«^tt. ±«a*7 io 
0 *t7 U -SfiKtt® 7 2 0>§g|ft£^-XW£ 1 0 F^or) 

5t»aan*. shu mt j&i§-fe>x^(D<£ 
«« (+/-6ooe> ««fi«t«ftt*s-r. z.<om^ 
no±.^mm i o (inw «, 2. 5/*ma>«* 
R^-xti 1 0 1 8 ohms^ 1 

9iC^SiC, £EP7 3#ftf;il 2. 5Mm0g££^r 

<Z)«fkSS«i<0*|6jH»^T, fi-10Oe*e»60O 20 
e KX-f— ^f*t«, MT J«iaiWfi2 2 5 0Q*6 
3$ 2 5 0 0QICJt«»»6*WC*«|K:iiln'r*. ffljWB 
•*s»3 5Oe*5-4 0Oei:7'f-yT5t* 1 & 
ffitt2 5 0 0Q*>6BS2 2 5 OQKXflrT*. 

£W7 3#faK»3±a««7 0<D2. 5X12. 5m 

Wl 9*lftlC»5±»««a)*ttJl*ttKaitT**. 
H 6* S*»»L, i: tx^ I) 

«9x/\4#±i:ffl*sns (Hi 5#»b) . tmitm 

i:iOBtonfc¥a&*>U 3>Ifi')i/^ shifts 

tartan*, ^y^^^m^zm^tm^^m 
-©*ft*ttTT**sn*f^ hffl©#a*H«iart so 
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<DE*«»»«:8ii*«:«ftT4 - tic «fc o tx h zn% 
z 0 m^m0^m<om[zm^^^cti^(Dmmzm 

OOeMlO 0Oe<O9Jm»«tffi6fflSns. »1<0 
112(1 ««^(i2 0 nm^@^(DP t ftt^M* 
T&3e *:<D±.\ZlZm £4 nm(OA-7Df (NigiF 

^aan*»*a<DaiEttEifii<ofc«6icx>yix-- h 

SMUtfSSW*;-*-*. »*Btt. MnsoFeso*/** 
^U>^ • hfrbttmZftZmZ 1 0 nmtf)M 

n-Fera8ttll6^. ZoLfztfZm*. Mn 
50F esoS 1 6tftTB<A4 nm<2N i -F ell 4, & 
^I^l$^8nm^CoIl 8 <2j^#£#J;frf 
£C<h£«SE"r£o :(DPt/Ni-Fe/Mn-Fe 
/CoX?^li MTJlW-XfIX^7^1 

(f$lnmM2nm) AliWf^W. £<7)A 
1 mtfi^Z, mmt£l OOmTor rRZSnt)®&2 5 
W/cm2£T6 0#M2 4 OU>0>W* KitSn, A 
1 2O3<0»»h>*^WffiB2 o*«»jssan*. h>* 
^H112 0W:8nm0)N i siF e 19H , 2 
0nm©P tn>^^hi3 4ia0I^c 13 
2, 3 4te±g&SffiX*y^ 3 O&MtfL-fZ. Z<om& 

(01 5 #88) o 
[0 0 2 7] »Igy-^r>XH 

0#, Iffli:^x/\±MS$n§o 
2 : lfcBfifcStt*. &&7s9v9W&\ZV 

Ar^ft> - ^ u/^a^A i iom^m<^t\ 
z> 0 4 o o v<D^*>mm&i$7->z/*)im?mxdb 

&Zt\Z&Qm&2tLTb^\ Xy?>>?\t%±\Z±. 

unmx 9 v o 3 o £i§ bx^ff $ n?ai»tx«a 6 1\ 

To @ 1 7(il/yX h • Xf>y^8 O^l^bnfc 

mommwiMm**?, S2©k^h-^->9o 

tih>*;H«ffi2 0 3^fc^-X««x*'y^ 1 O^Oil 



(8) 



ftRW- 1 0-4 2 2 7 
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5>>/5£-f • 2U>^BE :©-/ntxiS0 
Aca6lc&ffl£tl5o 01 8«. ^-Xtli U >^©5t 

f. 019ti. k/X h • Xf>v*8 OtffiJ^bft 

je©«fi»H6 0 (ffjgCliS i 02©X/W:5"J >7K 

is) *t. /t*->fcsnfc»a«jg£*±trtf»an 

So d©H©J? £{JSS\Jl 5 0 nmM2 0 0 nmTS 

tttetffSfCJi. zny5")>>/2tlt£S iOz)16 0© 

Sns. iSli©^7S©8*OiM. 02 IK* 
SttS. ±SBE^g5 OJi. #J;U;f/P£ 1 0 0 nm755 
3 0 0 nm©P tT»0. r©*[jfi±fCX/1-y^ U >7 

a nr. »^±w«a t l. 

-T-5. PtOf^WWiC, SfjgKttW^l nm©T i Jf 20 

aan-2>o 02 2«p t»5 otmmzntt&ommo) 

^nS^|6]0/1^-->^lJHJf,^Tti!^Vi. P tlf© 

ffl^nttSo 

[0 0 2 8] ±E©§?f£T.g->-7>7«. XtU •* 30 

*BOJIHtJI*tt3fcWC»«a?E»tt©*|6lS, 9 0° (U 
(ET4*!lfc*W~C»tf. N i si F e I9©±5$«SWS1 

S«¥El*3T*9 0° 0tean*»fflMB»rtT?j«fi$ 

£<K7lA£jiKfi^|*n?9 0° HH£-r-5A\ jSg© 

jsans. nswit^MTj^u. ±SB««ii .40 

[0 0 2 9 ] A 1 H2 OWffS&tfKfMSIWtf, 

7S< tfc 1 0 0 0 Q«±T*So ^SBK^-fe>->>^ • 
tttt5 0Q755l 0 0 QWJf-^T** L 50 
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[0 0 3 0] / ; & l JSy:-tr>v>^ • 7ZfVtr~>a > 
©jSn^lCfc^T, h>*;H»KJ!2 0IC»«l/T. 3tS 

Co. Fe-CoSfeliNi-Mn- 

[0 0 3 1] *5SW©MT J^-ett. 3S=i7D>©i- 
j£*T/J^it$n&MT J J^fC&^T. g*l 8%© 

tMT J liCfeHTiSsJc^nACo 
[0 0 3 2] £ta6iLT. *5EM©*«CIHbTJKT 

©v^&^^-r-So 

[0 0 3 3] (1) ffi8BS«±lC»J«3ft*¥ 

ft*u TOom^©?Tfe©TT. H5iB^ffc*i6]©iae* 
m±-rss!i«ttg<i:sw-rsmi ©«st> epjn«« 

»3R!MM£JlfttfttE7 UHMMtJBfcMfc*!*.© h 

»ah>*;w«t*-/i5yy-r%j:tiii<o hps**. 
ttfc»]©¥BrtK:».*sn*» meim* h >*;nsfc, 

(2) WI2J*)*««tt»Ry:95IB7U-^lStt»©^B 
*fc©fi8<k*(pl7i^ E|lMiS*l©#ft©TTS^lC¥ffSfc 
tt32¥fTT»4. ftftSB (1) E«©«ah>*Jk»^* 

7o 

(3) 9»E«l*!!.«ttJiS^f»E7U-iil«ttJi<0fllHE 

■sTBJUStl*. 99E (1) Et©8ah>*^»&* 

(4) iMrG7U-MN^Ma>Me«A«Mlfl:#A^. S3 
ffiW*lll©«fl:*l«1tSiaT*4. MG (1) B*©« 

( s ) ttemna^jiA<mB£tK&MG7 'J 
jiicoMtsBsn. mic. Me7ij-aattffc!>tte 

n. WEiaitH*auTii(rE7U-as«ttB<k»»-r* 

»»*^tf*«a«*)it**ty. B9E (1) E«©i& 



(9) 



ttffiW- 1 0-4 2 2 7 
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ft h 

(6) tt£ft*&UBttll£&ftkU #E£&££fC <fc 0 
ite (l) E««o«»h>*;w»^*^. 

(7) «nE«i©««*«HE*«±ic»**n, tries 
HcEBsn*, Me (6) e*©«« h >*;u«£* 

0te*Bjtf4, (WERiMBttJIt. fflFEftJfc&fi&ttlf 

«T©i8*IIC^M$n^.i#> ffiE7'J-&fi8ttJI©«l 
E¥Sfii*gT?. i»E»Jfcl*»tt*©itE«fc;&GlK:¥fr& 

ME^'J-aWBttHi. «[El<3* 

WE^ttlWWE^SJdSB^lBjWSEX^^ 

(9) fl«BSBX*v At 
E»*SiattJi©lttE«fl:*l«1**WEJg»»tt©' , <-X 
©fi*t¥ffT»4. AUG (8) E*©«»h>*;WS 

[01] «#0MTJ*^®*MIBIT**. 

[0 2] fjRfflMT J^H t ©2o©fc?-i;£#-f3)&M 

[0 3] iWK^^HII©EPftia«^«M^n.5Se*©M 
T J £>© 1 OW^fig&Xxy^lSS^l^T 

[05] amft&nmTz>ttm$m3>5>? y • 

£*lfc$?6?i©MT J ^©®fES0T$>?>„ 

[0 6] «w**jia-r*sa«E^S!3>^^ h • *- 
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a*lfc**W<0MT J JR : F©±BH'Tr**. 

[0 7] ^aftsn/tas»^a!3>3'4' k 

[08] mmjk^mb>^)m^nmi3^m-(Dmm 

***rT*«rttt. 05©MT J^^(C«(H©MT J / 
[09] 0 5 75M06(C^Stl-55"f ^"©f^aW^MT 

[010] 0 5 7}M0 6!C^£n&^:/©tt3lW&M 
T0T&-5. 

[011] 0 5 7bM06^^$nS^-f •7<0ft&tl}l3M 
-T0T&-5. 

[012] ««-t>'->>^ • T^U^— >3>fflH«»ia 
3ftfc*3BiPI0MT J *^©WS0f **. 
[013] &i§-fc>->>^- 77>J*— va>ffifcfllriS 

[014] MT HK«-fe>v>y^©ffi«iHiS^«tn: 

f5^**-r07?*s. 

[015] gEi^i^y^^ h • *-;u£*rf*¥fi 

{fcSttfcMT J ^©»£fi©fc«6©^n-feX • Xf-v^ 

[0i6] gas&S3>*£ h •#-;u**t*-*jfs 

fcStlfcMT J^©»fi£©fc«e>©'/n-fex -Xf-yZf 
£^-f0T&£. 

[0i7] gss^sn>^^ h • *-;u£;frrs¥fi 

[018] §SS^S!a>^i7 h • 
ft^tifcMT J ^©^©fcs&royn-tx • 
£*rf0T-&-5., 

[019] as»£ffl3>*0 h 

0Trc&-5>„ 

[02 0] gSS^n>^i? h • *-;L-£#-f-5¥ii 

[02 1 3 ass^^^h • *-;p*#r*¥s 
[02 2] iss€r^3>^^ h • 

ftStlfcMT J ^©^J$©fc»i)©^n-tX • XT77" 

$*-r0tr*-5» 
[^©law] 

9, 9' mm 

10. io' ^-xtix^'^ 
so 1 1 , 1 1 • . 1 3 mm&&® 



(10) 



1#g{§¥ 1 0-4 2 2 7 
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1 2 •>— F® 

14 y-y-fv-vfe 

1 6 

is. is' mj$.&m&m 

1 9 

2 0, 2 0' *6Hkb>*>WSSH 

3 0. 3 0'. 7 0 ±»««X*y* 

[11] 
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* 3 2. 3 2' 

3 4 ffifSH 

4 0. 4 0'. 60 mmm 

5 o imR^±^mm 

7 0 

7 2 &&ttlf 

8 0 UvXh-Xx>v^ 
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[0 4] 
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(11) 



4#KJ¥ 1 0-4 2 2 7 
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